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(54) MULTIFREQUENCY SIGNAL RECEPTION CIRCUIT 

(57)Abstract: 

PURPOSE: To improve distortion 
and an S/N at the time of optical 
modulation in a reception circuit for 
receiving multifrequency signals, 
converting them to optical signals 
and transmitting them. 
CONSTITUTION: Received radio 
signals are separated into (n) 
channels in a separator 3 and 
respective separated reception 
signals are frequency converted to 
frequencies set in the respective 
channels in a mixer 4 by the output 
of a synthesizer 5, passed through a 
band-pass filter 6 and amplified to 
the same level in an AGC amplifier. 
By setting the frequencies of the 
respective channels to the 
frequencies for which the 
intermodulation distortion of the signals in the respective channels is not 
mutually influenced, the optical modulation for not receiving the influence 
of the intermodulation distortion even when the level difference of the 
reception signals is large and not causing the degradation of the S/N is 
realized. 
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(54) [Title of the Invention] MULT I -FREQUENCY SIGNAL RECEIVING 
CIRCUIT 

(57) [Abstract] 

[Object] To introduce improvement with respect to distortion and 
S/N in optical modulation, in a receiving circuit which receives 
multi-frequency signals and converts them to an optical signal 
for transmission. 

[Structure] Radio signals which have been received are separated 
by a separator 3 for n lines ; each of the separated received signals 
is frequency-converted by a mixer 4 based on an output from a 
synthesizer 5 to have a frequency set for a corresponding one of 
the lines; and they are passed through a band pass filter 6 and 
are amplified by an AGC amplifier to have the same level. 
Frequencies for the respective lines are set to frequencies that 
would not allow intermodulation distortion of signals for the 
respective lines to influence each other, whereby optical 
modulation is achieved which does not allow suffering from 
influence of intermodulation distortion or deterioration of S/N 
even when difference in level between the received signals are 
large. 
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[Scope of Claim for Patent] 

[Claim 1 ] Amulti-f requency signal receiving circuit comprising 
a separator for separating received radio signals f or n lines (where 
n is an integer equal to or greater than two) , n line routes for 
frequency-converting and amplifying the separated received 
signals, respectively, a combiner for combining the signals from 
the respective lines, and a converter for converting the combined 
signals to an optical signal , wherein , the n line routes each include 
means for frequency-converting the separated signal so that a 
resulting signal will have a frequency previously set for the line , 
and an amplifier for amplifying the frequency- converted signal 
so that a resulting signal will have a predetermined level, and 
wherein frequencies set for the respective lines are set to 
frequencies which prevent intermodulation distortions of the 
signals for the respective lines from influencing one another. 
[Claim 2] The multi- frequency signal receiving circuit 

according to claim 1, wherein the frequency-converting means in 
each line is composed of a synthesizer for generating a local signal 
and a mixer for mixing this local oscillator signal with the received 
signal, thereby frequency-converting the received signal, and 
wherein the oscillatory frequencies of the synthesizers are 
variably controlled by a control circuit which operates based on 
the frequencies of the received signals and the frequencies set 
for the respective lines, 

[Claim 3] The multi -frequency signal receiving circuit 
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according to one of claims 1 and 2, further comprising a receiver 
for receiving radio signals and a low-noise amplifier for 
amplifying the received signals, wherein the amplified received 
signals are separated for n lines . 

[Claim 4] The multi-frequency signal receiving circuit 

according to one of claims 1 to 3, wherein each line includes a 
band pass filter for limiting a bandwidth for one line in accordance 
with the frequency set for the line. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates 
to a multi-frequency signal receiving circuit, and more 
particularly to a multi- frequency signal receiving circuit which 
receives numerous radio signals and transmits them in the form 
of an optical signal. 
[0002] 

[Prior Art] In general, in an optical microcell communication 
system for mobile communication (the system configuration is 
illustrated in FIG. 3), a base station 200 receives multi-frequency 
signals transmitted from numerous mobile units 100; the base 
station 200 frequency-converts and amplifies these signals and 
converts them to an optical signal, and transmits it to a control 
station 300 via an optical cable 400; and the control station 300 
performs demodulation processing. As illustrated in FIG. 4, the 
base station, which performs such reception processing, includes 
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a low-noise amplifier 12 for amplifying radio signals for n lines 
received by a receiver 11 (where n is an integer equal to or greater 
than one), a local oscillator 14 and a mixer 13 for 
frequency-converting the amplified signals, a band-pass filter 
1 5 having a pas s band corresponding to a reception band , an amplif ier 
16, and an electrical to optical converter 17. 

[ 0003 ] In this receiving circuit , the multi- frequency signals from 
the numerous mobile units 100 are collectively frequency- converted 
by the mixer 13 to have a predetermined frequency band; a signal 
component outside the band is removed by the band-pass filter 15; 
and thereafter the signals are amplified, subjected to optical 
modulation, and transmitted through the optical cable 400. In 
the control station, this optical signal is frequency- separated 
into signals corresponding to the respective mobile units and 
demodulation is performed, which enables reception of the signals 
from the mobile units. A receiving circuit of this type is 
"Sabukyaria Denso wo Mochiita Maikuroseru Hoshiki ni okeru 
Dainamikku Renji Kaizenho" ["Method for Improving Dynamic Range 
Using Subcarrier Transmission in a Microcell System" ] , Institute 
of Electronics, Information and Communication Engineers (1992) 
Spring Conference SB-6-5. 
[0004] 

[ Problems to be Solved by the Invention ] A receiving circuit having 
such a structure has a drawback in that distortion of a signal 
occurs and S/N is deteriorated when optical modulation is performed 
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by an electrical to optical modulator, since multi-frequency 
signals are collectively frequency-converted and amplified. 
Specifically, if optical modulation is performed on signals 
obtained by collectively frequency-converting and amplifying the 
received multi-frequency signals, intermodulation distortion 
occurs because of difference in reception input level between the 
signals, and distortion and S/N are deteriorated. In particular, 
a signal having a high reception input level will cause modulation 
distortion components to extend in a wide range, and accordingly, 
in a conventional system in which numerous radio channels are 
arranged at equal intervals in terms of frequency, this 
intermodulation distortion will cause considerable distortion and 
deterioration of S/N in the optical signal. Thus, there is a 
problem in that an element which is excellent in quality is required 
to optimize the distortion and S/N, and that long-distance 
transmission of light using an optical fiber is made difficult. 
[0005] Conventionally, as disclosed in Japanese Laid-Open Patent 
Publication No. Sho 56-166690, a system is proposed in which 
multi- frequency signals which have been received are detected on 
a frequency-by-frequency basis, and each signal is independently 
frequency- converted , bandwidth- limited , and processed . 
Although performing processing on a signal-by-signal basis in this 
manner makes this system effective in performing subsequent 
processing properly , in the arrangement as disclosed in this patent 
publication, each signal is frequency-converted to have the same 
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frequency; therefore, this system cannot be adopted for a system 
in which optical modulation as described above is performed to 
transmit signals in the form of an optical signal. Further, even 
in the case where an arrangement in with multi-frequency signals 
are thus frequency- converted on a signal-by-signal basis and 
amplified is adopted, some improvement must be made in frequency 
conversion and amplif ication in order to prevent the 
above-described problems of distortion and deterioration of S/N 
from arising when these signals are subjected to optical modulation 
to transmit an optical signal. 
[0006] 

[Object of the Invention] An object of the present invention is 
to provide a multi-frequency signal receiving circuit which 
introduces improvement with respect to distortion and S/N in 
optical modulation. Another object of the present invention is 
to provide a multi-frequency signal receiving circuit which is 
capable of automatically improving distortion and S/N in accordance 
with the frequency of a received signal. 
[0007] 

[Solution to the Problems] A multi- frequency signal receiving 
circuit of the present invention includes a separator for 
separating received radio signals for n lines (where n is an integer 
equal to or greater than two ) , n lines each for frequency- converting 
and amplifying the separated received signal, a combiner for 
combining the signals from the lines together, a converter for 
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converting the combined signals to an optical signal, in which 
the n lines each include means for frequency- converting the 
separated signal to have a frequency which has previously been 
set for the line, and an amplifier for amplifying the 
frequency- converted signal to have a predetermined level, and in 
which frequencies set for the respective lines are set so that 
intermodulation distortion of a signal for each line would not 
influence each other. 

[0008] The frequency-converting means for each line is composed 
of a synthesizer for generating a local signal and a mixer for 
mixing this local oscillator signal with a received signal , thereby 
frequency-converting the received signal; and an oscillatory 
frequency of the synthesizer is variably controlled by a control 
circuit which operates based on the frequency of the received signal 
and the frequency set for the line. 

[ 0009 ] It is preferable that a receiver for receiving a radio signal 
and a low-noise amplif ier for amplifying the received signal be 
provided, and that the amplified received signal be separated for 
n lines. Further, it is preferable that each line have a band 
pass filter which limits a bandwidth of the line in accordance 
with the frequency set for the line. 
[0010] 

[Mode of Operation] Signals which have been received are separated 
for n lines, and in the respective lines the separated signals 
are frequency- converted, and further, after being made to have 
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the same level, are combined together and subjected to optical 
modulation to be sent in the form of an optical signal . Frequencies 
for the respective lines are set in advance so that the resulting 
frequency arrangement will not cause intermodulation distortion. 
As a result , optical modulation is achieved which does not cause 
suffering from influence of intermodulation distortion or 
deterioration of S/N even in the case where difference in level 
between the received signals is large. 
[0011] 

[Embodiment] Next, an embodiment of the present invention is 
described with reference to the drawings . FIG . 1 is a block diagram 
of an embodiment of the present invention, and herein illustrates 
an exemplary case where it is applied to the base station in the 
optical microcell communication system for mobile communication, 
which is illustrated in FIG. 3. A receiver 1 receives signals 
(multi-frequency signals) from numerous mobile units utilizing 
n channels of lines (where n is an integer equal to or greater 
than two), and a low-noise amplifier 2 amplifies these received 
signals . A separator 3 separates the multi- frequency signals into 
frequency signals for n lines. Line routes corresponding to the 
n lines are each provided with a mixer 4 (4-1, 4-2, 4-3,**', 4-n); 
each mixer 4 is connected to a synthesizer 5 (5-1, 5-2, 5-3, 
5-n) for generating a local signal; and each mixer 4 uses this 
local signal to independently frequency- convert the received 
signal . 
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[ 0012 ] In addition , each mixer 5 is connected to a band pass filter 

6 (6-1, 6-2, 6-3,-~, 6-n) which is set to a mutually different 
frequency band, and the band pass filter 6 performs bandwidth 
limitation on the frequency- converted signal. Further, each band 
pass filter 6 is connected to an automatic gain control amplif ier 
(AGC amplifier) 7 (7-1, 7-2, 7-3, 7-n) , and the AGC amplif ier 

7 amplifies it so that it will have a predetermined level- In 
addition, a combiner 8 combines outputs from the respective 
amplifiers together and outputs them to an electrical to optical 
converter 9. This electrical to optical converter 9 performs 
optical modulation on the combined signals, and sends a resulting 
optical signal to the control station via an optical cable 400. 
[0013] To each one of the line routes corresponding to the n lines, 
which are branches caused by the above-described separator 3, a 
frequency arrangement has previously been assigned, and setting 
is made such that each band pass filter 6 allows only a signal 
having the assigned frequency band to pass therethrough. Each 
one of the above -described synthesizers 5 is controlled by a control 
circuit 10 so as to generate a local signal having a frequency 
necessary for performing frequency conversion on a received signal 
received at the line so that the received signal will be converted 
to a frequency signal having the frequency arrangement which has 
been assigned to the line. In this case, in this embodiment, 
information of the frequencies allocated by the above-described 
separator 3 to the respective lines is inputted to the control 
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circuit 10, and based on this information of the frequencies, 
oscillatory frequencies for the synthesizers 5 are controlled. 
[0014] According to a receiving circuit having this structure, 
radio signals for at most n number of lines received by the receiver 
1 are amplified by the low-noise amplifier 2, and separated by 
the separator 3 into signals for the respective lines. Then, the 
signal for each line is mixed by the mixer 4 with an output from 
the synthesizer 5 and frequency- converted as a signal having the 
frequency band assigned to the line. Thereafter, the band pass 
filter 6 blocks a signal outside the frequency band for the line. 
At this time, as illustrated in FIG. 2 which shows an exemplary 
case of four frequencies Fl to F4 , the frequency arrangements for 
the respective lines are set so that the signals for the respective 
lines would not influence intermodulation distortion of each other . 
[0015] In the example of FIG. 2, setting is made so that a frequency 
interval between Fl and F2 and between F3 and F4 will be AF, and 
a frequency interval between F2 and F3 will be A2F, whereby an 
arrangement is achieved which does not cause mutual influence 
between intermodulation distortions of the signals having F1-F4. 
Note that this frequency arrangement is set, in advance, using 
a computer or the like based on the number of signals , distribution 
of distortion components, and the like. The description of this 
setting is omitted here because the technique for the setting is 
already established. 

[ 0016 ] In accordance with the frequency arrangement which has been 
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set in this manner, the control circuit 10 recognizes, based on 
the information from the separator 3, the frequencies of the 
received signals which have been distributed to the respective 
lines; controls the oscillatory frequencies of the synthesizers 
5 based on this information; and supplies, to the mixers 4 of the 
respective lines, local signals that will allow the received 
signals to become frequency signals according to the frequency 
arrangements assigned to the respective lines. Thus, the mixer 
4 in each line frequency-converts the received signal so that the 
resulting signal will have a frequency according to the frequency 
arrangement assigned to the line. Thereafter, the signals for 
the respective lines are amplified by the AGC amplifiers 7 so that 
the resulting signals for the respective lines will have the same 
level, and the amplified signals are combined together by the 
combiner 8, subjected to optical modulation by the electrical to 
optical converter 9, and transmitted via the optical cable 400 
in the form of an optical signal. 

[0017] Thus, the frequency signals for the respective lines are 
combined together by the combiner 8 so as to maintain a frequency 
relationship which will not cause mutual intermodulation 
distortion. At the time of this combining, the respective AGC 
amplifiers have made the levels of the received signals for the 
respective lines identical to one another. Accordingly, even in 
the case where difference in level between the received signals 
is large, neither influence of intermodulation distortion nor 
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deterioration of S/N occurs at the time of the combining, and 
long-distance transmission of an optical signal using an optical 
fiber is made possible . Further , no special component is required . 
[0018] 

[Effect of the Invention] As described above, in the present 
invention, signals which have been received are separated for n 
lines, frequency- converted at the respective line routes, and 
amplified so that the resulting signals will have the same level, 
and then the signals for the respective lines are combined together , 
and the resulting signal is subjected to optical modulation to 
obtain an optical signal, in which frequencies for the respective 
line routes have previously been set so that a frequency arrangement 
will be achieved which does not cause intermodulation distortion. 
Therefore, even in the case where difference in level between the 
received signals is large, optical modulation is achieved which 
does not allow suffering from intermodulation distortion or 
deterioration of S/N. Thus, no special component element is 
required, and long-distance transmission using an optical fiber 
is achieved. 

[0019] Frequency- converting means in each line variably controls 
the oscillatory frequency of the synthesizer which generates a 
local signal based on the frequency of the received signal and 
the frequency set for the line. As a result, it is made possible 
to process the received signal in each line regardless of difference 
in frequency between the received signals. 
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[0020] Further, providing the low-noise amplifier which amplifies 
a received signal leads to a higher sensitivity of the receiving 
circuit . Still further , providing to each line the bandpass filter 
which performs bandwidth limitation for one line in accordance 
with the frequency set for the line makes it possible to avoid 
occurrence of overlapping of frequencies when combining the signals 
for the respective lines together and to prevent occurrence of 
distortion and deterioration of S/N at the time. 
[Brief Description of the Drawings] 

[FIG. 1] A block diagram of a receiving circuit according to an 
embodiment of the present invention 

[FIG. 2] A diagram of a frequency arrangement illustrating an 
exemplary frequency conversion for received signals , in accordance 
with the present invention 

[FIG. 3] A block diagram of a part of an optical microcell 
communication system to which the present invention is applied 
[FIG. 4] A block diagram illustrating an exemplary conventional 
receiving circuit 

[Description of the Reference Characters] 

1 receiver 

2 low-noise amplifier 

3 separator 

4 mixer 

5 synthesizer 

6 band pass filter 
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7 AGC amplifier 

8 combiner 

9 electrical to optical converter 

10 control circuit 
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